Genitourinary structures are at risk of injury during colorectal surgery. The incidence of injury is low; however, the risk is higher in cases involving severe inflammatory or infectious processes, locally advanced or recurrent cancer, previous radiation, and reoperation. Consideration of the anatomical relationship between the genitourinary system, and the colon and rectum is crucial to avoid injuries. Intraoperative diagnostic techniques such as intravenous pyelogram (IVP), fluoroscopic cystogram, or retrograde urethrogram can aid in identifying suspected injuries. Early recognition and repair of injuries decrease the morbidity of an injury. Repair of injuries depends on the location and extent of the injury. Simple injuries may be repaired primarily, while complex injuries may require more advanced repairs such as a flap reconstruction.
Genitourinary structures are susceptible to iatrogenic injury during colorectal surgery due to their anatomical proximity to the colon and rectum. The most commonly injured organ is the ureter, followed by the bladder and the urethra. 1 The risk of injury increases with the increasing complexity of the operation. Factors that increase the complexity of a colorectal operation are a severe inflammatory process such as diverticulitis or inflammatory bowel disease (IBD), a severe infection with pelvic or lateral pelvic side wall abscesses, locally advanced or recurrent cancer that distorts normal surgical planes, previous radiation, and a reoperative field. 2, 3 The risk of injury can also depend on the surgeon's experience, especially with minimally invasive approaches. Understanding risk factors, mechanisms of injury, and techniques for injury prevention is crucial as such injuries can result in a significant short-and long-term morbidity. We will discuss the genitourinary structures that are at risk of injury during colorectal surgery, the techniques for injury prevention, and the management options in cases of inadvertent injuries.
Ureter
Due to the anatomic relationship between the left ureter and the left-sided colon mesentery, ureteral injuries associated with colorectal surgery occur most frequently during abdom-inoperineal resection (APR), low anterior resection (LAR), or sigmoid resection. [4] [5] [6] [7] The left ureter is adjacent to the descending and sigmoid colon and is crossed ventrally by inferior mesenteric artery and its branches. The right ureter is adjacent to the cecum and is crossed ventrally by the right colic and ileocolic vessels. Injuries usually occur at the takeoff of the inferior mesenteric artery, at the pelvic brim where the ureter is crossed by the infundibulopelvic ligament with the uterine vessels, and in the pelvis as they enter the bladder (►Fig. 1). These injuries may consist of laceration, ligation, devascularization, or a thermal injury from an energy device. 1 The reported incidence of ureteral injuries is low, and the risk of injury is influenced by multiple factors including the primary surgical indication, the type of surgery and its degree of complexity, an open or minimally invasive surgery (MIS) approach, and the surgeon's experience. A retrospective population-based study in the Unites States including over 2.1 million colon and rectal operations reported an incidence of ureteral injury of 0.28% (6,027 cases). 8 Risk factors associated with ureteral injury included cancer with nodal involvement or distant metastatic disease, history of weight loss and malnutrition, and chronic steroid use. Rates of ureteral injury were higher at teaching hospitals compared with nonteaching hospitals (3.4/1,000 vs. 2.3/1,000; p< 0.001). Rectal cancer was associated with the highest rates of (7.1/1,000), followed by diverticular disease and Crohn disease (2.9/1,000 for both). Laparoscopic surgery was associated with lower rates of ureteral injury (1.1/1,000) compared with open surgery (2.8/1,000). This is likely a reflection of the higher complexity of cases done in an open fashion, as conversion from laparoscopic to open approach was associated with the highest rates of ureteral injury (7.9/1,000). APR was associated with the highest rates of ureteral injury (7.6/1,000), followed by anterior resection (5.8/1,000). Multivariate analysis demonstrated that the predictors of ureteral injury were rectal cancer (odds ratio [OR]: 1.85), presence of adhesions (OR: 1.83), lymph nodes or distant metastatic cancer (OR: 1.76), weight loss (OR: 1.08), and surgery performed at teaching hospital (OR: 1.05). Protective variables were laparoscopic surgery (OR: 0.91), transverse colectomy (OR: 0.90), and right colectomy (OR: 0.43). 8 Data from the National Surgical Quality Improvement Program (NSQIP) database demonstrate a similarly low rate of ureteral injury in colectomies (0.6%), but there was no significant difference in injury rate between laparoscopic and open cases. 9 A retrospective European population-based study of colon and rectal surgery found a ureteral injury rate of 0.44%, with a higher incidence in laparoscopic surgery on multivariate analysis (OR: 1.64). Multivariate analysis for the subset of rectal cancer patients demonstrated a higher rate of ureteral injury in the laparoscopic group compared with open (OR: 2.67, p ¼ 0.01). 10 Iatrogenic ureteral injury may lead to significant morbidities depending on the severity of injury, including urinary tract infection, urinoma, fistula, and renal failure. 11 A recognized ureteral injury will undoubtedly prolong the operative time, and a missed injury is likely to warrant further procedures, if not a major operation. 12
Techniques for Injury Prevention
Knowledge of the anatomy and careful dissection are the most important steps to avoid ureteral injury. Visualization of the ureter prior to the transection of the mesocolon and mesenteric vessels is crucial to preventing ureteral injury. The ureter can be seen through the parietal peritoneum and identified by its vermiculating activity, which can be elicited by applying gentle pressure to the ureter. 1 Staying in the proper plane of dissection will help in the avoidance of ureteral injury. When mobilizing the colon along the white line of Toldt, maintaining the dissection plane just on the colonic side of the white line will ensure the lateralization of the retroperitoneal structures such as the ureter and the gonadal vessels. For the medial to lateral approach of laparoscopically mobilizing the mesentery off the retroperitoneum, one must first locate the sacral promontory, identify the pathway of the inferior mesenteric and superior hemorrhoidal artery, and initiate the plane of dissection just below the mesenteric vessels. This will help ensure access to the correct plane. Finding the appropriate planes can be difficult in patients with significant inflammation or prior pelvic surgery. In these cases, ureteral stents can be helpful in the identification of the ureters and assist in the immediate recognition of ureteral injuries. 13, 14 Many series have shown that ureteral stents are helpful in the intraoperative recognition of ureteral injury. 15, 16 However, there are no clear indications on when to place a prophylactic ureteral stent prior to colorectal surgery. An NSQIP study found that predictors of ureteral stent placement were diverticular disease (OR: 3.37), LAR (OR: 1.43), APR (OR: 1.39), recent radiotherapy (OR: 1.84), and more recent year of operation (OR: 1.08). There was no difference in renal complications, urinary tract infection, reoperation, sepsis, and 30day mortality in patients who had ureteral stent placement compared with those who did not, but there was a small increase of 5.4% in length of stay. 17 The average procedure time is 16 minutes for unilateral stent insertion and 21 minutes for bilateral stent insertion. 18 A case-control study from the Cleveland Clinic evaluated the use and the morbidity of ureteral stents in laparoscopic colorectal surgery and demonstrated no difference in ureteral injury, laparoscopic to open conversion rate, duration of catheterization, UTI, and length of stay. 19 In summary, the placement of ureteral stents may be particularly helpful in operations for inflammatory processes such as severe Crohn disease or diverticulitis. 20, 21 They are commonly thought to reduce the risk of a missed ureteral injury, although this is not a guarantee as a large series found that stents did not ensure intraoperative recognition of the ureteral injury. 11 Ureteral stents may decrease the risk of conversion from laparoscopy to laparotomy for the reason of failure to identify the ureter. 19, 22 Although rare, potential complications of prophylactic ureteral stent placement include ureteral injury, postoperative urinary tract infection, obstructive oliguria, hematuria, renal failure, and increased operative time. [23] [24] [25] 
Intraoperative Techniques to Identify Suspected Injuries
Early recognition and repair of ureteral injury can decrease associated morbidities. Ureteral stent placement prior to the case may aid in early recognition. In cases without preoperative ureteral stent placement in which ureteral injury is suspected, meticulous dissection of the ureter should be performed. If it cannot be identified, a ureteral stent can be placed during the operation. If an injury cannot be identified, diagnosis can be confirmed by giving intravenous methylene blue or indigo carmine, performing an on-table IVP, or by givingretrograde injection of radiographic contrast or methylene blue through ureteral catheter.
Strategies to Prevent Injuries

Inflammation/Reoperative Surgery
A key principle in preventing ureteral injury in the face of severe inflammatory or adhesive disease is to identify the ureter in an unaffected area. For example, in cases involving a large diverticular phlegmon in the sigmoid colon, colonic mobilization should be initiated at the level of the proximal descending colon so that the kidney and ureter can be identified proximally and traced inferiorly into the diseased area. A medial to lateral approach is another option for identifying the ureter if the lateral dissection is too difficult.
In inflammatory conditions such as diverticulitis, the presacral space may offer a clear point of injury and may be entered at the sacral promontory on the right side of the rectum. Reoperative fields may result in significant displacement of the ureter from its normal location.
Obese Patients
Obesity is another risk factor for ureteral injuries, as the ureters in these patients are often displaced medially by large deposits of retroperitoneal fat, and are also encapsulated in fatty tissue. If the ureter cannot be located in the course of an operation on an obese individual, continuing the dissection medially may help in localizing the ureter.
The colonic or rectal mesentery should never be divided or ligated unless one has clearly identified the ureter. During high ligation of the inferior mesenteric artery, the left ureter must be identified after clamping the vessel before division or before activating a vessel sealing device or a stapler. If one cannot identify the ureter during a minimally invasive procedure, converting to an open approach is advised before proceeding to division of the mesentery and resection.
Management
If an injury is recognized during the operation, any necessary and feasible repairs should be performed during the operation, taking into account the mechanism, location, extent of injury, surgeon's experience, and availability of a urology consultant.
Minor contusions can by managed with the insertion of a ureteral stent. 26 For major contusions or compromised blood supply, the injured part of the ureter is debrided back to healthy tissue and an ureteroureterostomy is performed. This requires mobilization of the remaining ureter without compromising the vascular supply. If inadvertent suturing or clamping of the ureter occurs, management consists of removing the suture or clamp, assessing its viability and extent of damage, repairing it primarily, and placing a ureteral stent for 4 to 6 weeks. Imaging studies are performed to assess for subsequent ureteral stricture. 1, [27] [28] [29] Energy sources used during surgery can cause ureteral injury due to devascularization. This type of injury usually goes unnoticed and presents in the postoperative period with ureteral stricture or fistula. If it is recognized at the time of the operation, a ureteral stent is placed and imaging is performed 3 months following stent removal to assess for stricture development. 1 The strategy for repairing a laceration or transection depends on the extent and location of the injury. The principles of ureteral repair include a tension-free spatulated anastomosis over a ureteral stent using absorbable sutures, with the placement of a closed suction drain. 1 Repair can be performed through open or minimally invasive techniques. 30 Primary repair in forms of ureteroureterostomy (to either the injured ureter or the contralateral ureter) or ureteroneocystostomy is the preferred approach if the anastomosis can be performed without tension. With extensive ureteral damage that precludes a tension-free primary anastomosis, repair may consist of a flap procedure, autotransplantation, or nephrectomy.
Distal Ureter Injury
The lower ureter extends from the inferior border of the sacroiliac joint to the ureterovesical junction. 1 Depending on the severity of the injury and the proximity to the ureterovesical junction, laceration injuries are repaired by primary anastomosis, ureteral implant, or psoas hitch. 1 If the ureteral injury is 3 to 4 cm proximal to the ureterovesical junction, ureteroureterostomy is performed by mobilization of the ureter, with debridement of the proximal and distal ureteral segments involved in the injury. This is followed by spatulation of both ureteral ends prior to performing a tension-free anastomosis using absorbable sutures over a stent. The site of repair is drained and the retroperitoneum is closed over the repair. 26, 27 If the injury is within the distal 2 cm from the ureterovesical junction, repair with ureteroneocystostomy is performed, with either intravesical or extravesical technique. 31, 32 The intravesical technique involves the creation of a submucosal tunnel to work as flap valve to prevent reflux. The ureter is brought into the bladder wall and then tunneled under the mucosa before being brought into the bladder. Anastomosis to the mucosa is performed with interrupted absorbable sutures. 33 The extravesical technique involves incision of the detrusor muscle to create a trough for the ureter, anastomosis of the ureter to the mucosa, and closure of the trough to create an antirefluxing mechanism. 34 Mobilization of the bladder on the injured side is often required for both techniques.
If ureteroureterostomy or ureteroneocystostomy cannot be performed without tension, a psoas hitch should be performed. This entails mobilization of the bladder and creating a cystotomy on its anterior wall. The dome of the mobilized bladder is anchored to the psoas tendon with nonabsorbable sutures. The ureter is reimplanted over a stent and the cystotomy closed with absorbable sutures. A closed suction drain is placed over the repair. 35, 36 
Mid Ureter Injury
The mid-ureter extends from the upper to the lower border of the sacroiliac joint. For a short segment injury, the optimal repair is ureteroureterostomy. For extensive injuries where a tension-free anastomosis cannot be performed, a psoas hitch or Boari flap with ureteroneocystostomy, or transureteroureterostomy will be needed.
A Boari flap entails complete mobilization of the bladder, and creation of a rectangular flap on the anterior surface of the bladder while preserving the superior vesicle artery. Nonabsorbable sutures are used to suture the flap to the psoas tendon and the ureter is tunneled through the proximal portion of the flap. The flap is tubularized and the ureteroneocystostomy is created over a stent with absorbable sutures. A closed suction drain is placed over the anastomosis and an indwelling bladder catheter is left in for 7 to 14 days. The stent can be removed 4 to 6 weeks after repair. 37, 38 Transureteroureterostomy is an anastomosis between the two ureters in which the injured ureter is tunneled under the mesentery across the midline to the intact contralateral ureter. Both ureters need to be mobilized to allow for tension-free anastomosis and the ureteroureterostomy is performed with absorbable sutures. A closed suction drain needs to be placed. 26, [39] [40] [41] 
Proximal Ureter Injury
The proximal ureter extends from the ureteropelvic junction to the upper border of sacroiliac joint. Repair of injuries in this location are managed with ureteroureterostomy, autotransplantation, ileal or appendiceal interposition graft, or nephrectomy depending on the severity of the injury. 1 Ureteroureterostomy is the procedure of choice for proximal ureteral injury if a tension-free anastomosis can be achieved. Extra length can be achieved through inferior mobilization of the kidney that is then fixed to the psoas muscle (nephropexy). 1 If the injury is extensive and sufficient length cannot be obtained, other repair options should be considered.
Ileal or appendiceal interposition graft should only be considered if other alternatives are not feasible. Both ureteral segments are mobilized, and ureteral-ileal or ureteral-appendiceal anastomosis is performed with absorbable sutures. This procedure is contraindicated in cases of Crohn disease or radiation enteritis. 1, 42, 43 Nephrectomy should only be considered in very extensive injuries that are not amenable for other repair options. A normal contralateral kidney must be present prior to performing this procedure. 26 Autotransplantation is a complex procedure and should only be considered if contralateral kidney is absent or poorly functioning. The ipsilateral kidney is harvested and anastomosed to the iliac artery and vein, and the ureter is anastomosed directly to the bladder. 37 Missed injuries present in the postoperative period as abdominal or flank pain, fever, intra-abdominal collections, and fistulas, and can be managed in a variety of ways. 44 The treatment options include ureteral stent placement, percutaneous nephrostomy tube placement, or repair with any of the above techniques, depending on the timing of diagnosis to the index operation and also the severity and nature of the injury. 27, 45 Bladder Bladder injuries during colorectal surgery are uncommon, with an incidence of <1%. 5 Patients who have had previous pelvic surgery, had chronic inflammation or infection with a phlegmon that is adherent to the bladder, received radiation, or have an extensive tumor with bladder infiltration are at increased risk of bladder injury. Injuries can occur during the dissection of densely adherent rectosigmoid tumors or diverticular disease from the bladder wall or during trocar insertion in MIS. 1 To avoid bladder injuries and to manage them if they occur, some anatomical considerations must be considered. The superior and posterior portions of the bladder are covered with peritoneum, whereas the ventral and lateral surfaces are extraperitoneal. When the bladder is full, it distends outside of the pelvis, which subjects it to an injury during trocar insertion if it was not drained preoperatively.
Injuries to the bladder, if not recognized intraoperatively, may present later with oliguria, urinary ascites with increased abdominal girth or drain output, drainage from the surgical incision, and ileus. 1 The diagnosis is confirmed with a computed tomography (CT)cystogram or fluoroscopic cystogram, 46, 47 and the injury is defined as intraperitoneal or extraperitoneal to guide the management. 29, 48 Management If recognized intraoperatively, immediate repair of a bladder injury should be performed. The type of repair depends primarily on the location and extent of the injury, which is described by the following grading system 49 :
Grade 1: contusion, intramural hematoma, or partial thickness laceration Grade 2: extraperitoneal bladder wall laceration <2 cm Grade 3: extraperitoneal > 2 cm or intraperitoneal < 2 cm Grade 4: intraperitoneal bladder wall laceration >2 cm Grade 5: intra-or extraperitoneal bladder wall laceration involving the trigone or bladder For small extraperitoneal injuries, placement of Foley catheter for 7 to 14 days is sufficient treatment. Large extraperitoneal or intraperitoneal injuries involving the ventral bladder, dome, or posterior wall away from the ureteral orifices require surgical repair with a two-layer primary closure of the mucosal and seromuscular layers using absorbable sutures, and an indwelling bladder catheter 7 to 14 days. Prior to removal of the catheter, a cystogram is performed to rule out a leak.
Posterior injuries at the base of the bladder involving the trigone are more difficult to repair due to the proximity of the ureteral orifices and the risk of inadvertent ligation of the ureter during repair. Careful assessment for ureteral injury is required. Repair is performed through anterior mobilization of the bladder with anterior cystotomy at the dome, retrograde placement of ureteral catheters through the ureteral orifices, and two-layer closure of the posterior wall through the anterior cystotomy. 1, 50 One or both of the ureters may require reimplantation to the bladder depending on the location and degree of the injury.
Missed injuries can present as urinomas or urine drainage through a rectal stump or vaginal cuff. The diagnosis is confirmed with an abdominopelvic CT or cystogram. 47, 51 Fistulas to the bowel or vagina can be surgically taken down and repaired with placement of an omental flap between the two organs. They can also be managed with urinary or fecal diversion depending on the nature of the fistula. 50
Urethra
Urethral injuries during colorectal surgery are also rare. Direct injury may result from surgery for extensive anorectal tumors, during the perineal portion of APR, or extensive debridement for perineal soft tissue infections, and typically involves the membranous or prostatic portion. 1 The risk of injury is increased with the presence of a locally advanced anterior rectal tumor or with postradiation changes that may distort the anatomical planes.
Intraoperative recognition of the injury often occurs when the bladder catheter is seen through the defect. Suspicion of an injury in the operating room may be confirmed with a retrograde injection of methylene blue into the urethral meatus. Missed urethral injuries can present later with symptoms of rectourethral or urethrocutaneous fistula including pneumaturia, fecaluria, or urine leakage per rectum or perineum, or symptoms of urethral stricture with bladder outlet obstruction. 1 Cystoscopy, retrograde urethrogram, and an examination under anesthesia may be useful for diagnostic workup. 1
Management
If the injury is recognized intraoperatively, a primary tensionfree repair may be performed by mobilizing periurethral tissue depending on the extent of injury. For small defects, primary repair with absorbable sutures is sufficient with an indwelling urinary catheter for 2 to 4 weeks. Placement of omental or local tissue flaps is recommended if patient had received neoadjuvant radiation therapy to decrease the risk of fistula formation. Tissue flaps are also useful in urethral reconstruction in cases of extensive urethral loss. For extensive injuries where primary repair is not feasible, a suprapubic catheter is placed with delayed repair after few months. 1 Management of missed urethral injuries and resultant fistulas depends on fistula location and history of radiation. General principles for repair include urinary drainage with fistula takedown and interposition of a local tissue flap between the two lumens. 52 Complex rectourethral fistulas may require fecal diversion prior to definitive repair. Definitive repair for large fistulas with previous radiation will require complex repair with a buccal graft and/or myocutaneousflap. [53] [54] [55] Other cases may not be amenable to surgical repair and will need at least permanent urinary and fecal diversion if not completion proctectomy.
Other Genitourinary Complications
During pelvic dissection in colorectal surgery, genital organs are at risk of injury, which might result in urinary and sexual dysfunction. Women are also at risk for infertility after pelvic surgery.
Urinary Dysfunction
Following APR or LAR, 30 to 60% of the patients may experience urinary dysfunction manifesting as retention or incomplete emptying. 56 This dysfunction is attributable to anatomical changes within the pelvis or autonomic nerve injury leading to an impairment of the parasympathetic innervation to the detrusor muscle or the sympathetic innervation to the bladder neck, trigone, and urethra. Patients undergoing radical resection of rectal cancer are at increased risk of urinary dysfunction with APR compared with LAR, tumor location 5 cm from the anal verge, history of radiation therapy, and intra-abdominal sepsis. 57 Most cases of postoperative urinary retention are shortlived. Persistent urinary dysfunction warrants workup with urodynamic studies to assess the bladder capacity, the sensation to void, and the residual urinary volume. 58 The technique of total mesorectal excision with autonomic nerve preservation has demonstrated success in reducing the incidence of postoperative urinary dysfunction. 59, 60 Studies comparing minimally invasive versus open colorectal surgery have not found differences in the outcome of urinary dysfunction. [61] [62] [63] 
Sexual Dysfunction
Autonomic nerve injury during colorectal surgery can also result in sexual dysfunction. These injuries occur more during pelvic dissection for cancer and IBD in the course of APR and LAR. Sympathetic nerves injury can occur during high ligation of the inferior mesenteric artery or during the posterior dissection at the level of the sacral promontory and will result in retrograde ejaculation. Injury to the parasympathetic nerves can occur during the lateral and anterior pelvic dissection and will result in erectile dysfunction.
While some surgeons advocate a close rectal dissection in proctectomies for benign indications such as IBD to minimize these complications, no difference has been noted in rates of sexual dysfunction compared with standard total mesorectal excision (TME) techniques. 64 While patients with IBD may actually experience improved sexual function after restorative proctocolectomy, 65 patients undergoing radical rectal cancer resections are found to have significant rates of dyspareunia and more infrequent sexual activity, especially those who undergo APR. 57 While laparoscopic versus open rectal cancer resections are comparable with regard to postoperative sexual dysfunction, there are worse outcomes in patients who underwent TME or an 
Female Infertility
Following restorative proctocolectomy, 26 to 48% of women are at risk for infertility. [65] [66] [67] [68] Infertility is attributed to pelvic adhesions that prevent normal passage of eggs into the fallopian tubes. This significant risk should be discussed preoperatively, as women may wish to delay pelvic surgery until she is done bearing children. It is unclear whether MIS reduces this risk. 69 
Summary
Injury to genitourinary organs during colorectal surgery is uncommon, although the risk increases with operative complexity. Prevention of such injuries with meticulous efforts to delineate the anatomy is crucial. In the event of an injury, skilled urologic expertise should be obtained to decrease the potential morbidity. Unrecognized injuries can result in devastating sequelae, sometimes requiring multiple procedures for repair.
